Abstract
INTRODUCTION
Obstructed defecation syndrome (ODS), which is more common in females [1] , is one of the most widespread diseases in the world. The symptoms, such as difficult evacuation, prolonged or infrequent defecation, sense of incomplete evacuation, difficult evacuation without hand assistance, and perineal heaviness, significantly lower the life quality of ODS patients. The etiology of ODS can be functional disorders or rectal anatomy abnormality such as rectocele with or without rectal prolapse [2] . Although the incidence of rectocele is still illusive, approximately 30%-71% females suffer from the disease [3] ; rectocele, pelvic floor [4] disease, and rectal mucosal prolapse are the most common causes of ODS in approximately 80% of female patients [5] . Approximately 54% of ODS patients suffer from both mucosal prolapse and rectocele. Several procedures for rectocele resection have been reported during the past years [6] [7] [8] [9] [10] , and among them stapled transanal rectal resection (STARR) procedure was more often used. However, the STARR procedure still has its disadvantages [11, 12] , and no surgical technique has been widely adopted as the gold-standard procedure for treatment of rectocele [13] [14] [15] [16] , as well as rectocele combined with rectal prolapse. Our department developed a new procedure that combined Khubchandani's procedure [10] with stapled posterior rectal wall resection (KSPRWR) in 42 female patients with ODS caused by rectocele combined with or without rectal mucosal prolapse to evaluate and compare its safety and effectiveness with the STARR procedure.
MATERIALS AND METHODS

Inclusion criteria
From January 2014 to January 2017, 93 consecutive female patients who suffered from ODS caused by rectocele underwent surgery at Qilu Hospital of Shandong University. Their median age was 48.56 ± 13.22 (mean ± standard deviation, ranging from 22 to 79) years and their average duration of constipation was 2.27 ± 1.02 (6 mo to 4 years) years. They had an ODS score > 10
[17] with a rectocele depth > 2 cm, and failed to respond to conservative measures, such as diet therapy, laxatives, prokinetic medicine, or biofeedback therapy [18] . All patients were randomly divided into two groups with ODS score and rectocele depth paired. Forty-two patients underwent KSPRWR (group A) and 51 patients underwent the STARR procedure (group B). All symptoms coincided with Rome III diagnostic criteria [19] . All patients signed a medical consent form before entering the trial.
Exclusion criteria
Patients had a rectocele depth > 2.0 cm and an ODS score > 10 but had not received any medical treatment, or patients did not undergo operation due to health or personal reason were excluded from our trial. Defecography, colonoscopy, transmission test, and rectal and canal manometry were performed to exclude slow transit constipation, rectal or colorectal carcinoma, complete rectal prolapse, enterocele, inflammatory bowel disease, severe fecal incontinence, and pelvic floor dyssynergia. Patients with an ODS score < 10 or a depth of rectocele < 2.0 cm, which was shown on defecography, were not recruited in our study. Patients who failed to perform the follow-up were not take into the final analysis.
Surgical procedure
Preoperative procedure: An enema was administered the night before the surgery and another on the morning of the surgery. Other preoperative preparations included perioperative antibiotics and insertion of a urinary catheter.
KSPRWR procedure:
The patients received spinal anesthesia and were placed in the prone jackknife position. The procedure comprised two steps.
Step 1 included performing stapled posterior rectal wall resection, as follows: We placed a circular anal dilator to loosen the anal canal and then inserted a half-purse string suture, which only included the mucosa and the submucosa, clockwise from 8 o'clock to 4 o'clock using a 2-0 absorbable suture at about 4 cm above the dentate line on the posterior wall of the anus. We placed the anvil of the stapling instrument (EEA TM Auto Suture TM Hemorrhoid and Prolapse Stapler wit DST Series TM Technology, 3.3-3.5 mm) above the half-purse string and inserted a small intestinal spatula into the anus with the distant edge above the half-purse string to protect the anterior wall. The stapler was adjusted until the half-purse string lay on the shaft of the stapler. We then closed and fired the stapler and held it closed for 15 s to aid hemostasis. The stapler was opened to its maximum and withdrawn. The posterior rectal wall was resected as a half circle. In step 2, we performed the procedure as reported by Khubchandani [20] : 1:1000 adrenaline was injected into the mucosa of the anterior rectal wall to aid hemostasis. A transverse incision was made at the dentate line with a length of 2-3 cm but not too close to the staple line, and at the edge of the transverse incision two vertical incisions were made and extended into the anus for about 7 cm. It is very important that the incision reaches the muscular layer. Thus, a U-shaped mucomuscular flap was obtained and the flap was freed from the mucosal layer with meticulous hemostasis. Furthermore, three to five interrupted transverse sutures, which started from the dentate line to the edge of the flap using 3-0 polyglycolic acid absorbable stitches, were placed at the mucosal layer to plicate the flabby rectovaginal septum, thus strengthening the anterior wall. Then two vertical sutures, which started at the proximal and ended at the distal points of the incision, were made to plicate the anterior rectal wall. During suturing, the guidance of the finger into the vagina was essential to prevent penetration of the suture into the vaginal mucosa. Most part of the flap was resected to further strengthen the anterior wall and the transverse and vertical incisions were sewed using interrupted sutures (Figure 1 ). STARR procedure: Posterior wall repair was the same as that for the KWPRWR procedure. The same method was used to repair the anterior rectal wall. The staple line of the posterior wall was 1-2 cm deeper into the anus than that of the anterior wall ( Figure 2 ). Postoperative procedure: A drainage tube circled by three layers of Vaseline pledget was inserted into the anus as an anal plug for hemostasis and was removed on the second day after operation. The urinary catheter was removed on the second day after operation.
Follow-up
The complications of the operation (e.g., postoperative bleeding, anal fissure, rectal stricture, incontinence to flatus, persistent pain, etc.), the depth of the rectocele, and the ODS scores were recorded before and after operation. The follow-up was performed at 1, 3, 6, and 12 mo after operation. Follow-up was discontinued in the following situations: unable to return for a check-up at the follow-up time point, severe diseases, mental illness, postoperative operation, and death.
Evaluation of procedure effectiveness
After 12 mo of follow-up, procedure effectiveness in patients with an ODS score < 10 and a depth of rectocele < 2.0 cm, but without other complications that were included in Rome III diagnostic criteria (e.g., incontinence to flatus) was considered effective. Procedure effectiveness in patients with complications in Rome III diagnostic criteria but having an ODS score < 10 and a depth of rectocele < 2.0 cm was considered moderate, and procedure effectiveness in patients with an ODS score > 10 or a depth of rectocele > 2.0 cm was considered poor.
Statistical analysis
All data are expressed as the mean± standard deviation. Statistical analyses were performed using paired t-test with SPSS 22.0, and the level of statistical significance was set at P < 0.05.
RESULTS
In group A, eight patients failed to perform our follow-up program; therefore, there were 34 patients in the final analysis with at least 12 mo of follow-up. In group B, there were 37 patients in the final analysis. All females suffered from rectocele, and 23 (23/34, 67 .6%) patients in group A and 24 (24/37, 64.9%) in group B suffered from both rectocele and rectal prolapse. Mean operative time was 41.47 ± 6.43 min (group A) vs 39.24 ± 6.53 (group B). Mean hospital stay was 3.15 ± 0.70 d (group A) vs 3.14 ± 
d (group B)
, and mean blood loss was 10.91 ± 2.52 mL (group A) vs 10.14 ± 1.86 mL (group B). No significant differences were found regarding operative time, hospital stay, or blood loss between the two groups ( Table 1) .
The minimum follow-up duration was 12 mo. At this follow-up, ODS scores, depth of rectocele, and complications of operation were recorded. Mean ODS score before the operation was 16.50 ± 2.06 (group A) vs 17.11 ± 2.57 (group B) ( Figure 3A ). Mean ODS score 1 mo after operation (1MT), 3 mo after operation (3MT), 6 mo after operation (6MT), and 1 year after operation (12MT) in groups A and B were 4.62 ± 2.03 vs 4.76 ± 1.98, 5.38 ± 2.34 vs 5.68 ± 2.03, 4.94 ± 2.09 vs 5.78 ± 2.64, and 5.06 ± 1.07 vs 6.03 ± 2.63, respectively. Compared with the preoperative ODS scores, ODS scores at 1MT, 3MT, 6MT, and 12MT all had significant differences in both groups A and B (P < 0.05) ( Table 2 ). In the pairwise comparison of postoperative groups (1MT, 3MT, 6MT, and 12MT) in each group, there were no significant differences (P > 0.05). There was a statistical difference in 12MT ODS scores between groups A and B. The ODS scores of two patients were over 10 at 12MT in group B.
Mean preoperative depth of rectocele was 4.32 ± 0.96 cm (group A) vs 4.18 ± 0.95 cm (group B) ( Figure 3B ). Mean ODS scores at 1MT, 3MT, 6MT, and 12MT were 1.15 ± 0.31 cm (group A) vs 1.13 ± 0.42 cm (group B), 1.20 ± 0.35 cm vs 1.25 ± 0.50 cm, 1.14 ± 0.44 cm vs 1.33 ± 0.42 cm, and 1.19 ± 0.43 cm vs 1.54 ± 0.82 cm, respectively. Compared with the preoperative rectocele depth, rectocele depth at 1MT, 3MT, 6MT, and 12MT all showed statistically significant differences in both groups A and B (P < 0.05) ( Table  2 ). There were no significant differences (P > 0.05) in the pairwise comparison of the postoperative groups (1MT, 3MT, 6MT, and 12MT) in each group. A statistical difference was found in 12MT depth of rectocele between the two groups. One patient's rectocele depth was over 2 cm at 12MT ( Figure 1E) .
In group A, five (5/34, 14.7%) patients had vaginal discomfort in the first week after operation (Table 3) . Retention of urine after removal of the ureter was seen in three (3/34, 8.8%) patients. Postoperative bleeding occurred in one (1/34, 2.9%) patient after the anal plug was removed, but blood loss was approximately less than 5 mL and stopped spontaneously. The other complications that occurred in the first week after operation were nausea (7/34, 20 .6%), anal fissures (7/34, 20 .6%), incontinence to flatus (2/34, 5.9%), defecatory urgency (2/34, 5.9%), and persistent pain(13/34, 38.2%). One patient felt defecatory urgency after surgery and relieved at 6MT, while three patients complained about defecatory urgency since 6MT and did not relieve at 12MT. No occurrence of staple line dehiscence, rectal stricture, rectovaginal fistula, or perianal sepsis was recorded. No deaths were reported 12 mo after operation.
In group B, nine (9/37, 24.3%) patients had nausea after operation and no postoperative bleeding occurred ( Table 4 ). The most common complications in the first week after operation in group B was persistent pain (12/37, 32 .4%), and two (2/37, 5.4%) patients continued to experience anal pain 12 mo after operation. The other complications that occurred in the first week after operation were retention of No deaths were reported 12 mo after operation. One patient had the feeling of incontinence to flatus and another patient felt defecatory urgency until 3 mo after surgery and they all relieved at 6MT. Two patients had incontinence to flatus and defecatory urgency since 6MT, which further worsened at 12MT. The follow-up revealed that their ODS scores were more than 10. The rectocele depth in one of the patients was more than 2.0 cm. Thus, recurrence was reported in these two patients. After 12 mo of follow-up, 30 patients' (30/34, 88.2%) final outcomes were judged as effective and 4(4/34, 11.8%) as moderate in group A, whereas in group B, 30 (30/37, 81.1%) patients' outcomes were judged as effective, 5 (5/37, 13.5%) as moderate, and 2 (2/37, 5.4%) as poor.
DISCUSSION
Rectocele is one of the most common causes of female ODS [21, 22] . The reason for the high morbidity of rectocele might be that the internal anal sphincter is shorter and formed distally in the anterior upper anal canal, which might weaken the anorectal junction that is devoid of support structure in females [23] . A substantial number of procedures via the vagina [24, 25] , perineum [26] , anus [6, 27] , or abdomen [28, 29] have been reported to repair the rectocele through different routes, and none of the methods were adopted as the gold-standard operation [25] . Longo [6, 7] performed STARR, which has been ameliorated and used owing to its simple, easy, and fast operation [30] [31] [32] since the past years. The STARR procedure aims to rebuild the rectal volume and strengthen the anterior rectal wall through linear resection and suturing of the frail rectal mucosa, submucosa, and superficial muscular layer [7] . The entire procedure requires two staplers and is simple to perform. Moreover, it effectively rebuilds the rectal volume by resection of the prolapsed tissue. However, there is an ongoing debate between the supporters and the opponents of STARR as multiple postoperative complications have been reported [31, [33] [34] [35] [36] [37] after STARR. Some long-term follow-up studies [11, 38] revealed that the ODS score of patients who underwent the STARR procedure had a smooth increase after operation. Moreover, the effectiveness of anterior wall repair using the STARR procedure has been questioned by some opponents [2, 39] . They argue that the resection of the muscular layer in the STARR procedure is not adequate to strengthen the anterior rectal wall; thus, recurrence can be expected in the future. Some supporters of the STARR procedure also admitted that, so several modified STARR procedures were invented [34, 35] to ensure the effectiveness of anterior wall repair. However, none of these modified procedures has been accepted as a gold-standard procedure as the long-term curative effect is not clear.
Khubchandani et al [10, 20] reported his procedure of rectocele repair with satisfactory outcomes. This procedure strengthens the anterior rectal wall through transverse suturing in the muscular layer. However, rectal prolapse combined with rectocele, with morbidity ranging from 24% to 54% [5, 11, 18] , was not considered in their procedure. Moreover, Khubchandani et al [20] found that isolated anterior rectal wall repair in the rectocele without rectal prolapse may cause hypotonus of the posterior wall, which may induce posterior rectal wall intussusception after operation. As the effect of rebuilding the rectal volume of STARR procedure is clear, we decided to combine the two procedures. We used Khubchandani's procedure for anterior wall repair to strengthen the rectal wall and stapled posterior rectal wall resection to resect the potentially or already existing excessive tissue of the posterior wall to restore anatomy and correct the tension of posterior rectal wall in rectocele patients with or without rectal prolapse. There were no significant differences in hospital stay, operative time, or blood loss between the two groups, which indicated that the trauma and difficulty of the two operations have no significant difference. The most common postoperative complication of STARR was persistent anal pain because of the staple line. In our research, one patient had persistent pain at 12MT in group A and two patients had persistent pain at 12MT in group B. Nausea was the second most common complication in both groups, especially in women aged 45-55 years. All episodes of nausea occurred in the first three days after operation and all were relieved one week after the operation, which might be related to hormonal standard [37] . Rectal vaginal fistula is a very serious complication in both procedures, but no rectal vaginal fistula was recorded in both groups. Our experience was that while performing anterior wall repair, a guidance of the finger into the vagina is essential to prevent the damage. No occurrence of staple line dehiscence, rectal stricture, or perianal sepsis was recorded in our research. Vagina discomfort is a rare but annoying complication in Khubchandani's procedure [20] , which is probably due to the suture in the rectovaginal septum. In our study, five patients experienced vagina discomfort in the first week after operation, and the discomfort was relieved at 3MT. Anal fissure is another common complication after rectocele surgery [11, 38, 40, 41] , especially using the STARR procedure. More patients suffered anal fissure in group A in the first week after operation, but the number became the same after that. No anal fissure was recorded at 12MT in either group.
In our study, the mean ODS score of the patients who underwent the STARR procedure significantly dropped to a normal level at 1MT. However, although the ODS scores of the STARR group remained within normal levels, they continued to increase smoothly from 3MT to 12MT. Accompanied with the increasing ODS score, the depth of the rectocele also increased from 3MT to 12MT. However, in patients who underwent our procedure, the ODS score and rectocele depth dropped to normal levels after surgery, remained at a certain level at 3MT and 6MT, and slightly increased within normal standard at 12MT. Recurrence did not occur in any patient in group A, but two patients in group B had recurrence at 12 MT. Defecography showed that the rectocele depth of one patient was more than 2 cm. Interestingly, these two patients both had deep preoperative rectocele which was around 5.5 cm in depth, thus indicating that the STARR procedure might have a less effect than expected in anterior wall repair in the patients with deep rectocele. Furthermore, defecatory urgency and incontinence to flatus were the most common complaints after operation [9, 39, 42, 43] . More patients in group B experienced these symptoms at 12MT than those in group A. Moreover, although the mean ODS score and rectocele depth were within normal levels in both groups, they were significantly lower in group A than in group B at 12MT, thus indicating that the patients who underwent our procedure might have a better outcome in the mid-long period.
In this research, we gained initial experience of the new procedure. There are four key points of successfully carrying out this operation. The first one was to make sure that the transverse and vertical suture in the anterior wall was in the muscular layer. This can ensure the effectiveness of anterior wall repair. The second key point was that the vertical edge of the U-shaped flap should not overlap with the stapler suture on the posterior wall in the case of postoperative rectal stricture. The third key point was excising most part but not all of the U-shape flap and leaving proper part of the flap. This was significant to avoid rectal stricture. The last key point of the procedure was using the finger as guidance in the vagina to prevent damage. As we suture the anterior wall, there is a possibility of hurting the vagina; therefore, the guidance is quite important. This requires skill and practice.
Although our procedure was not less effective than the STARR procedure in a short to middle term, there were still some limitations in our research. We did not perform any procedure or treatment on the recurrent patients since we lost the contact with them after the last check-up, thus we could not explore if our procedure would be effective for recurrent rectocele. Besides, we need more experience on selecting a more suitable type of stitch for suture in rectal vaginal septum so that less vagina discomfort would happen after our surgery. Furthermore, we did not set subgroups to analyze different outcomes of the two procedures in patients with different rectocele depth or ODS scores. A larger number of patients, a multiple center study, and a longer-term follow-up are needed to further prove its effectiveness and safety.
In conclusion, Khubchandani's procedure combined with stapled posterior rectal wall resection is an effective and safe procedure with minor trauma, short hospital stay, and low cost for rectocele treatment, especially for rectocele combined with rectal prolapse. It is not less effective compared with the STARR procedure, which may be an optional procedure in the treatment of rectocele with rectal prolapse. We plan to perform a longer period follow-up and recruit larger number of patients in a multiple center, which aims at determining long-term postoperative quality of life in female patients, to further verify the safety and effectiveness of the procedure in the future. 
ARTICLE HIGHLIGHTS
Research background
Obstructed defecation syndrome (ODS) has a serious influence on health and life quality of patients. Rectocele is one of the main causes of ODS, which has an approximate incidence of 30%-71%. Multiple procedures have been performed to treat rectocele, but no one has been considered as the gold-standard treatment.
Research motivation
Stapled transanal rectal resection (STARR) has been quite popular in treating rectocele for its simpleness. However, debate on STARR has never stopped. Opponents doubted its effectiveness in anterior wall repair and declared that multiple serious postoperative complications occurred. Khubchandani performed his procedure for rectocele with a satisfying effect, but it did not take rectal prolapse into consideration and may potentially induce rectal prolapse in posterior rectal wall. Therefore, we combined Khubchandani's procedure and stapled posterior rectal wall resection together.
Research results
No significant differences were found in blood loss, hospital stay, or operative time. Compared with preoperative ODS scores and rectocele depth, postoperative ODS scores and rectocele depth in the two groups were statistically lower, which proved the effectiveness of our procedure. There were significant differences when comparing the ODS score and rectocele depth 1 year after operation, which were significantly lower in group A than in group B, thus indicating that group A might have better outcomes in future.
Research conclusions
KSPRWR is an effective and safe procedure with minor trauma, short hospital stay, and low cost for rectocele treatment, especially for rectocele combined with rectal prolapse. It should be considered as an alternative operation for rectocele.
Research perspectives
A long-term follow-up, a larger number of patients, and a multiple center clinical trial are expected in the future to further prove the effectiveness and safety of this procedure.
